Abstract. Salmonella was identified in feces from horses, using the polymerase chain reaction (PCR) and genus-specific oligonucleotide primers. Feces from healthy horses were determined to be culture negative and PCR negative for Salmonella. Fecal samples were inoculated with known numbers of colony-forming units (CFU) of S. enteritidis. The fecal samples were enriched overnight in tetrathionate broth, and then DNA was extracted and amplified by PCR using genus-specific primers. Sensitivity of the assay extended to 10 0 CFU Salmonella enteritidis/g feces; sensitivity of microbiologic culture with enrichment extended to 10 0 CFU Salmonella enteritidis/g feces. Feces that were not inoculated with S. enteritidis were negative by the PCR. Detection of salmonellae in feces was possible using the PCR within 24 hours from the time of submission of samples. Because samples were enriched, isolates were available for determining antibiograms and serologic grouping or typing.
Infection with Salmonella is an important cause of enteric disease and death in horses. 10, 11 These infections can develop without causing clinical signs of disease, 10, 11 and such carriers are a source of infection for other animals. 8, [10] [11] [12] 17 Risk factors for equine salmonellosis include transportation, antimicrobial treatment, surgery, and gastrointestinal tract disorders. 6, 7, 10, 11, 13 Because these factors are common among hospitalized horses and because contamination of the environment by infected horses poses a risk to the health of people, horses, and other animals, identification of horses infected with Salmonella is of considerable importance.
Generally, microbiologic culture of feces, tissue, or body fluids is used to detect horses infected with members of the genus Salmonella. 10, 11 Reliability of isolation of the organism by culture is diminished by various factors, including method used to collect the sample, amount of sample submitted, temporal and seasonal variation in shedding of the organism, and method of bacteriologic culture. 2, [6] [7] [8] [10] [11] [12] [13] 17 Clinical laboratories generally require at least 48 hours for presumptive detection of Salmonella spp. in feces. Bio- Received for publication June 13, 1994. chemical and serologic confirmation may further delay identification of salmonellae by an additional 24-48 hours. This lag may delay implementation of appropriate interventions for treatment, control, and prevention. Most or all of the more than 2,200 serotypes of Salmonella that have been identified are potential pathogens to animals and people. 1, 11 Because multiple serotypes of Salmonella may cause disease, genus-specific identification is useful for diagnosis and prevention of salmonellosis. We have developed oligonucleotide primers for the polymerase chain reaction (PCR) that enable genus-specific detection of members of the genus Salmonella but not other bacteria.
3 Recently, we described a method for genus-specific detection of salmonellae in equine feces using booster PCR 4 and the previously described oligonucleotide primers.
3
Although this technique for detecting salmonellae in feces using booster PCR is relatively rapid and highly sensitive, 4 there are a few limitations. First, contamination during the booster reaction occasionally results in false-positive findings. Second, the PCR does not allow determination of antibiogram or serotype data. Third, the cost of the booster reaction is approximately twice that of a simple PCR reaction run for the equivalent number of cycles. In this report, we describe a method of detection using enrichment followed by a single PCR reaction that obviates these limitations.
Materials and methods
Preparation of fecal samples. Feces were collected from 2 clinically normal horses. Five separate cultures were negative for Salmonella. The isolate of S. enteritidis a used in this study was resistant to novobiocin and nalidixic acid. Salmonella enteritidis was grown overnight in an incubator at 37 C in trypticase soy broth. After incubation, the bacteria were washed 2 times in sterile distilled H 2 O (dH 2 O) and adjusted to a concentration of 10 9 colony-forming units (CFU)/ml using a standard curve based on optical density from a spectrophotometer with a reference wavelength of 625 nm. The bacterial suspension was serially diluted in dH 2 O to 10 2 , 10 1 , and 10 0 CFU/ml. The concentrations of bacteria in the serial dilutions were checked for accuracy by a standard spread plate technique using brilliant green agar (BGA).
b Fecal samples were diluted 1:1 (w/v) with each logarithmic dilution of bacteria or dH 2 O (negative control) and selectively enriched in tetrathionate broth base.
b Approximately 18 ml of tetrathionate broth base was added to 4 g of each diluted fecal sample and vortexed briefly to mix. The samples were then placed upright to allow for settling of heavy fecal debris and incubated at 37 C with gentle shaking overnight. All enriched samples were cultured for Salmonella.
Extraction of fecal DNA. Five hundred microliters of the enriched fecal culture was transferred to a 15-ml conical tube and mixed with an equal volume of lysis buffer (10 mM ethylenediaminetetraacetic acid, c 100 mM Tris c [pH 8.0]) containing 5 mg Proteinase K d /ml and 50 mg n-lauroylsarcosine c /ml. The preparations were incubated for 10 min at 65 C, and then DNA was precipitated by adding a 0.1 volume of 3 M sodium acetate" and 2 volumes of ice-cold 100% ethanol.
e Precipitated DNA was recovered by centrifugation, resuspended in 100 µ1 of deionized dH 2 0, heated at 65 C for 30 min, and further purified using spin cartridges.
f Concentration of DNA was determined with a fluorometer.
g Samples of DNA extracted from pure culture of S. enteritidis and Pseudomonas aeroginosa were used as positive and negative controls, respectively.
Microbiologic culture. One hundred microliters of the enriched fecal culture was spread plated onto BGA plates containing 25 µg/ml novobiocin c and 20 µg/ml nalidixic acid to inhibit growth of bacteria other than S. enteritidis. The plates were incubated at 37 C for 24 hr and then examined for growth of colonies.
PCR. Oligonucleotide primers of 25 base pairs (bp) defined the amplified region of a 496-bp highly conserved segment of the histidine transport operon gene of S. typhimurium. 5 The primer sequences for the upper and lower oligonucleotides, from 5' to 3', were as follows: lower strand-ACT GGC GTT ATC CCT TTC TCT GGT G; upper strand-ATG TTG TCC TGC CCC TGG TAA GAG A. A PCR mixture was prepared consisting of upper and lower primer (1.0 µM each), 0.02 mM dNTP, h 10 mM Tris (pH 9.0), 50 mM KCl, 1.5 mM MgC1 2 , 0.1% Triton X-100, c 16 µg of bovine serum albumin, c and 2.5 U of Taq polymerase.
h Forty-eight microliters of the cocktail was added to 2 µ1 of DNA (10-100 ng) per reaction. The reaction was run for 40 cycles of 35 sec at 94 C, 35 sec at 60 C, and 45 sec at 72 C in a thermocycler. h The reaction concluded with a 10 min extension phase at 72 C. Products of the PCR were electrophoresed on a 2% agarose gel containing ethidium bromide, visualized by use of a UV transilluminator, and photographed. A positive result was indicated by presence of a 496-bp band seen on the gel. The experiment was repeated (from sample preparation through PCR amplification) on 6 occasions, using S. enteritidis.
Results
The amplified target sequence of the PCR was identified for samples containing 10 3 , 10 2 , 10 1 , and 10 0 CFU of S. enteritidis/g feces; the samples to which only dH 2 O was added consistently had negative results. The predicted amplification product of 496 bp was seen as a band on the 2% agarose gel (Fig. 1) . This band was visualized for the positive control but not the negative control.
The experiment was repeated 6 times to compare the sensitivity of the PCR with the aforementioned method of microbiologic culture. The sensitivity of detection of S. entevitidis by either microbiologic culture or PCR was 10 o CFU for S. enteritidis/g feces. All 6 samples containing 10 2 and 10 1 CFU of S. enteritidis/g feces were positive using the PCR and microbiologic culture. Five of 6 samples containing 10 o CFU of S. enteritidis/g feces were positive by PCR and microbiologic culture. The 5 samples positive by the PCR were the same 5 samples that were positive by microbiologic culture.
Discussion
The PCR method described in this report appears to be highly sensitive and specific for detection of members of the genus Salmonella in fecal samples from horses. In the experiments reported here, the PCR detected 10 o CFU of S. enteritidis/g feces. The method using enrichment was more sensitive than the booster PCR technique, for which the sensitivity was 10 3 -10 4 CFU of Salmonella sp./g feces. 4 Although only 1 serovar of Salmonella was used in this study, the specificity of these primers has been previously reported. 3, 4 Five of 6 samples containing 10 o CFU of S. enteritidis/g feces were positive by PCR. Failure to detect salmonellae in 1 sample may be explained by limitations of the sensitivity of the technique. Alternatively, because very dilute solutions were used, it is possible that no organisms were added to 1 sample. This hypothesis is supported by our failure to detect salmonellae by microbiologic culture in the sample that was negative by PCR.
In addition to increased sensitivity, the PCR method described here has other advantages relative to the booster PCR method 4 following extraction of DNA from fecal samples. The booster technique is more expensive and requires more labor and time (2 PCR reactions are run for each sample) than does the technique described here. The method for extracting DNA reported here requires less labor and time than that used previously 3,4 and does not require the use of po-tentially noxious organic compounds (e.g., phenol, chloroform, and isoamyl alcohol). The simpler method of DNA extraction also reduces chances of cross-contamination during extraction. Because the fecal samples were enriched prior to PCR amplification and because only a small aliquot of the enriched material was used for analysis, Salmonella were available for microbiologic culture, which would allow antimicrobial susceptibility testing for clinical purposes and serotyping for epidemiologic considerations. The previously described method for detecting salmonellae in equine feces precluded such testing because DNA was extracted directly from several grams of feces. The clinical value of such testing may be limited. The clinical benefits of using antimicrobial agents for treatment of salmonellosis in equids is unclear.
14 Information regarding serotyping at our clinic is rarely available during the period when an animal is being treated.
In this study, we were able to detect Salmonella using the PCR within 24 hours of receipt of fecal samples, which is a shorter time than that required (days) for identification by microbiologic culture and biochemical characterization. Faster identification of salmonellae in feces would enable earlier implementation of appropriate strategies for treatment, control, and prevention. Although the booster method following direct extraction of fecal DNA was more rapid (12 hours), 4 the booster technique holds little practical advantage with regard to time unless the laboratory operates 12-hour workdays. The turnaround time for either the booster method or the technique described herein was essentially the same in our laboratory.
In the present experiments, fecal samples were processed immediately after addition of S. enteritidis. Because samples submitted to clinical laboratories may be held for various periods, research is underway to compare the sensitivity and specificity of this PCR method with microbiologic culture using samples submitted to the clinical microbiology laboratory for routine culture of feces. Identification of members of the genus Salmonella by microbiologic culture frequently entails submission of multiple samples because of the variability in the number of organisms being shed. [10] [11] [12] We are also investigating the extent to which identification of salmonellae in feces, using the PCR, is enhanced by submission of multiple samples.
Methods for the detection of Salmonella spp. using the PCR have been reported recently. 9, 15 The technique reported here is apparently similar and more sensitive than these other methods. Magnetic immuno-PCR requires additional expense and effort as compared with our technique because monoclonal antibodies attached to magnetic beads are required. 16 The reported sensi-tivity of the magnetic immuno-PCR (10 5 CPU/g feces) was lower than that observed for our technique. The other reported technique for detection of Salmonella using the PCR involved use of 2 sets (pairs) of primers, as compared with the single pair of primers required for the technique reported here. The use of 2 primers increases the cost and labor of testing; moreover, the method was reportedly less sensitive than the method reported here.
